Infantile-onset saccade initiation delay has been associated with a wide range of neuroimaging abnormalities, developmental delay and ataxia. 2, [12] [13] [14] This suggests more widespread neurological dysfunction that is not limited to the saccadic system. The most commonly reported neuroimaging abnormality is inferior cerebellar vermis hypoplasia; 2, 4, 6, 12, 14 however, neuroimaging may be normal. 12 Clumsiness/ataxia and developmental abnormalities may occur in ISID including motor delay, speech or language delay, and cognitive delay. 2, [12] [13] [14] Clinicians should therefore be aware of these important comorbidities in ISID and should look for them during the assessment of these children.
The frequency of these clinical and neuroimaging abnormalities is currently unknown. We carried out a detailed analysis of the medical literature of patients with ISID in order to determine the prevalence and spectrum of these abnormalities.
METHODS

Search strategy and selection criteria:
We searched the English medical literature using PubMed for articles relating to ISID using a comprehensive search strategy. All articles between 1952, when the disorder was first described, and the end of December 2010 were included for consideration. References of relevant articles were also hand searched.
Inclusion criteria were a diagnosis of 'congenital ocular motor apraxia'; clinical description consistent with the diagnosis of ISID, i.e. impaired saccade initiation and normal saccade velocity; adequate description of the eye movement examination including smooth pursuit and reflexive saccades; and/ or adequate description of development and motor coordination. Exclusion criteria were patients with acquired ocular motor apraxia and whenever possible patients with Joubert syndrome, ataxia telangiectasia, Gaucher's disease, ataxia-ocular motor apraxia types 1 and 2, Niemann-Pick disease, spino-cerebellar degeneration, and other neurodegenerative conditions. These conditions were excluded because the clinical features, pathology, and disease course are not typical of that described in patients with ISID. 3 The presence of horizontal head thrusts was not a prerequisite for inclusion because patients with ISID without head thrusts have been described. Our aim was to describe the whole clinical spectrum of this disorder.
Both authors performed the search independently and compiled the results of searches following discussion. Article titles and abstracts were read to identify potential studies for inclusion. If an article seemed appropriate but had insufficient details on further review, it was subsequently excluded.
Data extraction: Once the papers were selected for inclusion, they were analyzed under four key areas: neuro-ophthalmological abnormalities, neuroimaging findings, development, and motor abnormalities. Demographic information was collected and included the number of cases reported in each study, age at diagnosis, gender, and familial cases (siblings, monozygotic twins, and parents/children). Neuro-ophthalmological findings analyzed included the presence and direction of head thrusts, use of eye blinks to initiate saccades, direction of eye movements during head thrusts, presence of spontaneous or random saccades, smooth ocular pursuit, response to the oculo-cephalic maneuver, VOR cancellation, the presence of VOR fast phases on spinning in patients with horizontal ISID, OKR, and other neuro-ophthalmological abnormalities. Neuroimaging findings were collected and analyzed based on the location of abnormality (cerebellum, other infratentorial regions, cerebrum, corpus callosum, basal ganglia, thalamus, and other). Developmental and motor outcomes assessed included global developmental delay, cognitive delay, reading difficulties, behavioral difficulties, speech or language delay, motor delay, tone and the presence of ataxia or clumsiness. In instances where the number or percentages of patients with abnormalities were not reported but the term 'most patients had an abnormality' was used, we conservatively assumed this to mean 80% of patients had the abnormality.
Some studies reported information on the same patients over multiple publications. These studies and the findings of these patients were combined where possible so that no patient was duplicated in the analysis.
Statistical analysis: The number and percentage of the reported abnormalities were calculated across all studies. However, several studies did not report all the findings of interest. We included this missing information in our calculations by including the total number of cases in the denominator so that the percentages of abnormal findings represented their minimum prevalence in patients with ISID. For comparison, we also reported the percentage of abnormalities based on the number of patients where the information was reported, i.e. the denominator included only the cases where specific findings were reported so that the percentages of abnormal findings represented an upper limit of their prevalence in patients with ISID.
Three patients with Joubert syndrome were reported only as part of a larger group of patients with typical ISID. We did not exclude them from the analysis because 45 other patients with typical ISID would have had to be removed from the analysis and potentially reduce the power of the study.
RESULTS
One hundred and five articles were identified for possible inclusion through PubMed searches. Fifty articles were found to be potentially suitable for inclusion. Hand searches of the references of these articles identified 17 additional articles for inclusion.
The 67 articles selected for potential analysis included a total of 383 patients. Fifty-eight patients were excluded because they had been previously reported, had inadequate information available or had a condition listed in the exclusion criteria. In one of the studies, 1 two of five patient groups (groups two and three [N=35]) were excluded from the analysis because they had conditions listed in our exclusion criteria. We also excluded one further study, 15 since the magnetic resonance imaging (MRI) images of the two patients reported showed the molar tooth sign. This neuroradiological sign was described in the medical literature in patients with Joubert syndrome and related disorders several years after the study was published.
This provided a total of 288 patients for analysis. Within this group of 288 patients, three patients with Joubert syndrome were included since excluding them would remove an additional 45 patients with typical ISID. 16, 17 The effect of these three patients on the results of the analysis was thought to be negligible because they constituted about one percent of the total sample.
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Details of the 66 studies, the information extracted, and their full references are available in the on-line electronic supplementary table.
The demographic details of the patients are shown in Table 1 . It was not possible to calculate the mean age at diagnosis since several studies reported only the mean age of their patients. The majority of patients; however, were infants or toddlers. In one unusual familial report, a 38-year-old father was found to have ISID in addition to his children (See reference 42 in the supplementary electronic table on-line for details).
Head thrusts were reported frequently and were mostly horizontal. Two patients displayed head turns rather than thrusts. Some patients had asymmetric or unidirectional head thrusts. Blinks occurred infrequently during head thrusts, although this finding was not reported in the majority of patients. Blinks without head thrusts were commonly observed. Some patients were described as displaying a lateral oblique gaze when fixating objects. 2 We were not able to quantify this clinical feature in our study cohort because it was rarely mentioned.
Eye movements: Table 2 illustrates other eye movement features. Spontaneous or random saccades were reported infrequently. Smooth ocular pursuit was impaired or absent in at least 95 (33%). Rarely, it was impaired both vertically and horizontally. The abnormality in smooth ocular pursuit was reported to improve in some patients with age. Smooth ocular pursuit may be normal on clinical examination but abnormal on eye movement recording. 11 The response to the oculo-cephalic maneuver was documented infrequently and was normal in all patients in whom it was reported. The fast phases of the VOR on spinning were not reported in 183 (63.5%) patients, a few of whom had only vertical ISID. This abnormality may be asymmetric or unilateral and may be present intermittently. It was reported to improve with age in two patients. 13 Vestibuloocular reflex cancellation was rarely reported (14 patients), and was defective in all but one patient.
Many patients had impaired OKR fast phases (201, 69.8%), (Table 2 ). The abnormality was described as horizontal, vertical, both or unidirectional. It may be intermittent or irregular. In contrast, the smooth phase of the OKR was impaired in five (1.7%), absent in 20 (7%), and was reported to normalize in some patients with age. However, it was not reported in 154 patients.
Other neuro-ophthalmological abnormalities: There were 68 patients with other neuro-ophthalmological abnormalities, with 77 abnormalities reported ( Table 3 ). The most commonly reported abnormalities were strabismus and nystagmus. Rare findings included spasmus nutans, coloboma, Stargardt disease, and ocular flutter.
Neuroimaging abnormalities: Neuroimaging was reported on 197 patients, who had 204 imaging studies (Table 3) . Magnetic resonance imaging was the most common imaging modality used. As anticipated, patients in the earlier studies were much less likely to have neuroimaging. Imaging findings were not reported in 21 (10.7%) of the 197 patients. Of the remaining 176 patients, there were 212 findings. The most common finding was a normal neuroimaging study (77 patients). In one patient with normal neuroimaging, an autopsy revealed cerebellar cortical dysplasia. 13 The most frequent abnormalities reported involved the cerebellum. The least frequent abnormalities were hydrocephalus and dilated ventricles. Some patients had multiple abnormalities on their neuroimaging. Details of the specific abnormalities can be found in the electronic supplementary table.
Development: Global developmental delay and speech/ language delay were reported relatively frequently while cognitive delay was noted infrequently (Table 4) , but this latter finding was not reported in 167 (58%). Reading ability was reported in 48 patients and reading difficulties were present in 26. Behavioral disturbances were not reported in most cases.
Motor development: Most patients had abnormal tone with 103 (35.8%) being hypotonic (Table 4) . Tone changed in one patient from hypotonia to hypertonia. 7 Motor development was delayed in many cases, but improved significantly with age in some patients. Ataxia or clumsiness was present in 142 of the 223 patients in whom it was reported.
DISCUSSION
Since its first description in 1952, ISID has become increasingly recognized as occurring with a wide range of other neuro-ophthalmological, motor and developmental findings. 2, 16, 18 According to our conservative estimates, the frequency of these findings is suggestive of more widespread THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES NR: not reported, NA: not applicable, * Numbers and percentages may add up to >100% since some patients had more than one investigation or finding, † estimate only due to incomplete description in the studies, § see supplementary e- brain dysfunction than is currently recognized clinically and on neuroimaging studies. Given the fact that this condition is relatively uncommon, this investigation provides quantitative information on a large number of patients that would be difficult to ascertain by a single center. Our analysis confirms that ISID is frequently associated with many other neurological and developmental abnormalities and provides further insights into the nature of the eye movement abnormalities associated with this syndrome. However, as this study is a retrospective review of the published cases, it has predictable limitations. For example, several studies did not report all the findings of interest or used qualitative terms to describe the abnormalities found. Our study was primarily designed to give minimum prevalence estimates of the various abnormalities; therefore, their actual prevalence is likely higher. There have been numerous medical and neuroimaging advances since ISID was first described and, in the absence of a gold standard for the diagnosis of ISID, some of the patients included in the analysis may have another disorder.
We excluded patients with disorders that are associated with 'ocular motor apraxia', because detailed examination of eye movements in these disorders has revealed additional significant abnormalities other than increased saccadic latency that is characteristic of ISID. For example, decreased saccadic velocity is prominent in ataxia telangiectasia and Gaucher's disease, while severely hypometric saccades characterize ataxia-ocular motor apraxia types 1 and 2. 1, 19, 20 The multitude of developmental, neurological, and neuro-ophthalmological features reported in Joubert syndrome, including difficulty in initiating both horizontal and vertical saccades (which is atypical in ISID), saccadic dysmetria, impaired smooth ocular pursuit, nystagmus, strabismus, and impaired VOR responses, reflect the significant underlying brain malformation. 21 The brain malformation in Joubert syndrome, typically involving the brainstem and cerebellum, causes static deficits which is incongruent with the improvement in tone and ataxia reported in patients with ISID.
Head thrusts are a common, but not universal finding in ISID. They may be absent despite the presence of adequate head control. 1, 9 Blinking is another common feature seen in patients with ISID and is used to initiate saccades; however, it was only reported in approximately half of the patients in our study. Many patients had defective OKR fast phases and VOR fast phases on spinning. This implies that the term 'apraxia' is used inappropriately to describe this condition because, in apraxia, reflexive saccades should be normal. 3, 22 Vassella first questioned the use of the term "apraxia" for this condition. 23 In 1996, Harris et al. suggested that intermittent 'saccade failure' is a more appropriate term for the condition, because both volitional and reflexive saccades are commonly impaired. 1 We have used the term "infantile-onset saccade initiation delay" because the abnormality is not apparent at birth and the delay reflects the prolonged saccadic latency in this disorder. 3 Smooth ocular pursuit is often thought of as being normal in ISID, despite case reports to the contrary. In Cogan's original case series, he reported abnormalities of smooth pursuit in two of the four patients. 24 Our analysis confirms that a large proportion of patients have abnormalities in smooth ocular pursuit and suggests that ISID is not solely a disorder of saccadic eye movements. This may be related to dysfunction in brain regions involved in processing both smooth ocular pursuit and saccades such as the cerebellum and frontal eye fields.
Vertical eye movements have generally been described as being unaffected in patients with typical ISID. In this analysis, vertical eye movement abnormalities remain an uncommon occurrence. We found few case reports in which vertical eye movements were the predominant problem. [7] [8] [9] [10] [11] In cases where horizontal eye movements are the main abnormality, subtle deficiencies in vertical eye movements have been described, though only one patient reported in this analysis had both vertical and horizontal abnormalities. 9 These abnormalities are often only detected on formal eye movement recordings. The subtlety of these findings and limited use of eye movement recordings in ISID may underestimate the true prevalence of vertical eye movement abnormalities, and represents an area for future research.
Some of the additional features reported in some patients with ISID seem incongruous. For example, nystagmus was noted in 20 patients while intact VOR and OKR fast phases were noted less frequently. In addition, the proportion of patients with abnormal smooth ocular pursuit and abnormal smooth pursuit of the OKR were not similar. The number of unreported cases for each of these abnormalities was variable within and across the studies, which may account for the discrepancy.
Neuroimaging abnormalities are varied and may be subtle. They are most often found infratentorially in the inferior vermis of the cerebellum or in the region around the fourth ventricle. Less commonly, abnormalities in the corpus callosum, basal ganglia, thalamus and a variety of cerebral findings (e.g. microcephaly and grey matter heterotopias) are reported. The brain magnetic resonance imaging (MRI) is often normal. This large diversity in neuroimaging findings makes it difficult to provide a unifying mechanism that could explain this syndrome. We recently proposed that the saccadic abnormality seen in ISID may be caused by bilateral damage to analogous brain regions involved in processing saccades or by interruption of saccadic signals transfer along pathways that connect saccadic brain regions across the left and right sides of the brain. 3 This hypothesis provides several possible localizations. Such abnormalities may be too small to see on routine MRI. The emergence of diffusion tensor imaging may provide a better way of further assessing this hypothesis.
Although developmental outcomes are not always reported, there is a clear association between delayed development and ISID in about 40% of the patients. The developmental delay is generally not severe. It can be global, or selectively involve motor skills, speech and language, cognition or reading. The frequency of these abnormalities points to a more widespread brain dysfunction in ISID than is currently appreciated.
Ataxia or clumsiness is one of the most frequent nonophthalmological findings reported in ISID and occurs in just under half the patients. This is not surprising because the most common abnormalities reported on neuroimaging involve the cerebellum or other posterior fossa structures.
The prognosis of the various deficits reported in ISID is reported to be favourable; however, definite and reliable evidence for this is lacking beyond very few case reports. A prospective study on the natural history of ISID is needed.
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CONCLUSION
Infantile-onset saccade initiation delay should be thought of as a neurological syndrome characterized by saccadic and other eye movement abnormalities, developmental delay, hypotonia and ataxia. It may be associated with cognitive and behavioral difficulties. Brain MRI may be normal or may reveal a diverse range of abnormalities, especially in the cerebellum. It will be important to further characterize the extent of the eye movement abnormalities with eye movement recordings. In addition, with the advent of higher resolution MRIs and diffusion tensor imaging, more subtle abnormalities may be detected. This may shed insight on the potential mechanisms and etiology of ISID.
